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Claims : 

1 LA process for selectively extracting metal values from a stalling material which 

2 includes one or more solubilizable metal values, the process comprising: 

3 separating and removing fluorine values from the starting material ; 

4 leaching the remaining material to solubilize metal values contained in the 

5 remaining material and generate an aqueous solution composing said solubilized 

6 metal values ; and 

7 extracting a solubilized metal value from said aqi^ous solution. 

1 2. The process of claim 1 wherein the step of separajfng and removing fluorine 

2 values comprises: 

3 reacting the starting material with a solutioii of a mineral acid for a period 

4 of time, and under temperature and pressure conditions sufficient to solubilize at 

5 least a portion of tantalum and niobium from the starting material; 

6 separating and drying the undissolvea material ; 

7 reacting the undissolved material wim mineral acid comprising sulfuric acid 

8 for a period of time, and under temperature and pressure conditions sufficient to 

9 liberate hydrogen fluoride gas and to generate a sulfated material. 
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3. The process of claim 2 wherein the^p of leaching the undissolved material to 
solubilize metal values contained iiUf^e undissolved material and generate an 
aqueous solution comprising saicLsol^biMzed metal values comprises: 

reacting the sulfated material /v^ith w^tefior a period of time, and under 
temperature and pressure condition^^inicient to generate said aqueous solution 
comprising solubilized metal values; 

filtering said aqueous solution to separate remaining material solids from 
said aqueous solution. 
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4. The process of claim 3 vvherein the aqueous solution includes 2drconium and 
uranium and the step of extracting a solubilized metal value from said aqueous 
solution comprises extracting zirconium and uranium metal values by a process 
comprising: / 

contacting said aqueous solution with an org£inic medium which includes a 
diluent £md an extractant, said diluent being immiscible with said aqueous solution 



thereby producing ^ organic phase comprising zirconium and uranium and an 
aqueous raffinate phase; 

sepEu^ting said organic phase from said raffinate phase; 

stripping zirconium from said organic phase by contacting said organic 
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1 1 phase with a zirconium stripping agent, the zirconium stripping^forming an 

12 aqueous phase comprising s^rconium and a resultant organi^^hase comprising 

13 uranium; and / 

14 stripping uranium from said resultant organic phase by contacting said 

15 resultant organic phase with a uranium stripping agent'^the uranium stripping 

16 forming an aqueous phase comprising uranium anja a final organic phase 

17 comprising said diluent and said extractant. 

1 5. The process of claim 4 wherein the aqueous solution includes uranium, 

2 zirconium, thorium and scandium and the otoccss further comprises extracting 

3 thorium and scandiimi metal values fronysaid raffinate formed by said contact 

4 between said aqueous solution and saicf organic medium, by a process comprising: 

5 contacting said raffinate with/another organic medium which includes a 

6 diluent and an extractant, said diluent being immiscible with said aqueous solution, 

7 thereby producing an organic ph^e comprising thorium and scandium and an 

8 another aqueous raffinate phase?f 

9 separating said organic? phase from said another raffinate phase; 

10 stripping thprium frcftn said organic phase by contacting said organic phase 

1 1 with a thorium sti^ipping agent, said^thorium stripping forming an aqueous phase 

12 comprising thorium ind/i^ organic phase comprising scandium ; and 

13 stripping-sran^um from said resultant organic phase by contacting said 

14 resultant organic ph^e with a scandium stripping agent, said scandium stripping 

15 forming a phase cpmprising scandium from said resultant organic phase and an 

16 aqueous phase ^mprising said scandium stripping agent and a final organic 

17 phase. 

1 6. The process of claim 4 wherein said organic medium further comprises a 

2 modifier. 



1 7. The process of claim 5 wherein said another organic medium further comprises 

2 a modifier. 

1 8. A process for selectively^xtracting zirconium, uranium, thorium and scandium 

2 metal values from a startin/material which includes the metal values comprising: 

3 reacting a starting4naterial with a solution of a mineral acid for a period of 

4 time, and under temper^ilroand prpssure conditions sufficient to solubilize 

5 tantalum and niobiuniaoto solution and thereby generate a solution comprising 

6 tantalum and niobium, and a remaining material ; 
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7 separating and drying the remaining material ; 

8 reacting the remaining material with mineral acid for a pericxi of time, and 

9 under temperature and pressure conditions sufficient to liberate hydrogen fluoride 

10 gas and to generate a sulfated material ; ; 

1 1 reacting (leaching) the sulfated material with water for a period of time, and 

12 under temperature and pressure conditions sufficient to generate an aqueous 

13 solution of the metal vEilues; | 

14 filtering said aqueous solution to separate remaining material solids from 

1 5 the aqueous solution ; 

16 contacting said aqueous solution whh an organic medium which includes a 

17 diluent and an extractant, and preferably further includes a modifier, said diluent 

18 being immiscible with said aqueous solution thereby producing an organic phase 

19 comprising zirconium and uranium and pn aqueous raffinate phase depleted in 

20 zirconium and uranium ; 

21 separating said organic phase frbm said raffinate phase; 

22 stripping zirconium from said organic phase by contacting said organic 

23 phase with a zirconium stripping agent, said stripping forming a zirconium 

24 aqueous phase comprising zirconiuny from said organic phase and a resultant 

25 orgemic phase comprising uranium, slaid diluent and said extractant; and 

26 stripping uranium from said/resultant organic phase by contacting said 

27 resultant organic phase with a uran/um stripping agent, said stripping forming a 

28 uranium aqueous phase comprising uranium from said resultant organic phase and 

29 a final organic phase comprising said diluent and said extractant. 

30 contacting said raffinatewith another organic medium which includes a 

3 1 diluent and an extractant, and preferably further includes a modifier, said diluent 

32 being immiscible with said raft^ate^Jhereby producing an organic phase 

33 comprising thorium and s^imii/m and an another raffinate phase depleted in 

34 thorium and scandium ; 

35 separating said organic phase from said raffinate phase; 

36 stripping thorium from said organic phase by contacting said organic phase 

37 with a thorium stripping agent, said stripping forming a thorium aqueous phase 

38 comprising thorium from said organic phase and another resultant organic phase 

39 comprising scandium, s^d diluent and said extractant; and 

40 stripping scandium from said another resultant organic phase by contacting 

41 said resultant organic phase with a scandium stripping agent, said stripping 

42 forming a scandium phase comprising scandium from said resultant organic phase, 

43 an aqueous phase co(nprising said scandium stripping agent and another final 

44 organic phase comprising said diluent and said extractant. 
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9. A process for selectively extracting zirconium, uranium, thorium and scandium 
met£d values l^rom a sulfated starting material which includes the metal values 
comprising: \ 

reacting\(leaching) the starting sulfated material with water for a period of 
time, and imder temperature and pressure conditions sufficient to generate an 
aqueous solution of the metal values; 

filtering said aqueous solution to separate remaining material solids from 
the aqueous solution; 

contacting said aqueous solution with an organic medium which includes a 
diluent and an extractant, and preferably further includes a modifier, said diluent 



being immiscible w 



zirconium and urani 



th said aqueous solution thereby producing an organic phase 



comprising zirconiirm and uranium and an aqueous raffmate phase depleted in 



m; 



separating said organic phase from said raffinate phase; 
stripping zirconium from said organic phase by contacting said organic 
phase with a zirconium stripping agent, said stripping forming a zirconium 
aqueous phase comprising zirconium from said organic phase and a resultant 
organic phase comprising uranium, said diluent and said extractant; and 

stripping uranium from said resultant organic phase by contacting said 
resultant organic phase with a uranium stripping agent, said stripping forming a 
uranium aqueous phase comprising uranium from said resultant organic phase and 
a final organic phase comprising said diluent and said extractant. 

contacting said raffinate with another organic medium which includes a 
diluent and an extractana ancL^efembly further includes a modifier, said diluent 
being immiscible with safid raffiiWe, thereby producing an organic phase 
comprising thorium and scMdiu/n^and-^ia^ raffinate phase depleted in 
thorium and scandium ; \ V. 

separating said or^nic phase from said raffinate phase; 
stripping thorium from said organic phase by contacting said organic phase 
with a thorium stripping a§;ent, said stripping forming a thorium aqueous phase 
comprising thorium from said organic phase and another resultant organic phase 
comprising scandium, said diluent Emd said extractant; and 

stripping scandium from said another resultant organic phase by contacting 
said resultant organic phase with a scandium stripping agent, said stripping 
forming a scandium phase ix)mprising scandium from said resultant organic phase, 
an aqueous phase comprising said scandium stripping agent and another final 
organic phase comprising s^ diluent and seiid extractant. 



